The composition of the steam-distilled essential oil from the leaves of Abies sachalinensis (F. Schmidt) Mast. cultivated in Hokkaido (Japan) was studied by GC-MS. The seasonal variation in the main volatile constituents was also investigated. Analysis of the essential oil resulted in the identification of 21 compounds with monoterpenes comprising 99.9% of the total. α-Pinene was the most abundant compound, followed by camphene, bornyl acetate, limonene, β-pinene and β-phellandrene.
Constancy in the composition of an essential oil is desirable, but changes occur because of various factors, such as climate. However, it is necessary to be aware of the composition when the oil is to be used for phytotherapy or aromatherapy. We have made a study of the relationship between the chemical composition of A. sachalinensis oil from Hokkaido and climate (precipitation, temperature, and sunshine). To our knowledge, such information has not previously been reported, although standardization of the essential oil is important if the biological effects of the oil are to be clarified.
The unambiguous identification of the compounds of A. sachalinensis essential oil was achieved from their LRIs obtained from the Equity-1 capillary column and with their mass spectral data. The general chemical profile of the essential oil, and the identity and percent content of the individual components are summarized in Table 1 . Compounds are reported according to their elution order from the column. The GC-MS analysis of the essential oil enabled the separation of 21 compounds, which were positively identified by comparing their LRIs with values in the literature [1] [2] [3] 6] and by comparing their mass spectra with either authentic standards or with the NIST library on the GC-MS software TurboMass. As shown in Table 1 , monoterpenes were the most predominant compounds, comprising 99.9% (monoterpene hydrocarbons: 85.9%, oxygenated monoterpenes: 14.0%) of the essential oil. α-Pinene was the most abundant compound, followed by camphene and bornyl acetate. Sesquiterpene hydrocarbons were minor components (0.1%), and were mainly represented by β-caryophyllene, α-caryophyllene, and γ-selinene.
The plant materials used for obtaining the A. sachalinensis essential oil were collected throughout the year in Hokkaido, Japan. It is conceivable that differences in climate might influence the composition of the essential oil. We therefore investigated the correlation between essential oil composition and precipitation and/or temperature and/or total duration of sunshine (factors which allow for easy determination of climate change), which are the major climactic factors that influence plant physiology. The data for one month's total precipitation, average temperature, and total duration of sunshine for each collection period were utilized. As shown in Table 1 , A. sachalinensis leaf essential oil, collected at eight different collection periods over more than 5 years, showed significant differences in composition.
Monoterpene hydrocarbons were the most abundant compounds, constituting greater than 85% of the oil in seven collection periods. Although the content of monoterpene hydrocarbons was still high in all seasons, it decreased to 72.3% in December 2007 when both the temperature and total duration of sunshine were low (-5.0°C and 47.6 h, respectively). In contrast, the oxygenated monoterpene content was the highest in December 2007. α-Pinene, camphene and bornyl acetate were, with a few exceptions, the most predominant constituents over the collection periods. No significant correlation was seen between total precipitation and the proportion of each component. α-Pinene was the most abundant of the 21 compounds, and its content was greater than 20% in seven of the collection periods. ). The content of camphene was greater than 20% in six collection periods and was not The enantiomeric ratios of α-pinene, β-pinene and limonene were determined with the CycloSil-B column. These enantiomers are listed in order of their elution from the column. The enantiomers were identified using their retention index data and MS compared with authentic standards. The gross area of the main peak of (+)-and (-)-was calculated as 100 %. trace<0.05%.
influenced by changes in the climate. The content of bornyl acetate and limonene was greater than 10% in four of the collection periods. The content of the compounds was high in December 2007, a period characterized by both the lowest temperature (-5.0°C) and the lowest total duration of sunshine (47.6 h). Conversely, the content of β-phellandrene and β-pinene was the lowest in December 2007. As the correlation of each component and the climate was examined, a significant correlation between relative % peak areas of α-pinene and average temperature (°C) was observed. (Spearman rank correlation coefficient, r=0.86, p<0.05, n=8)
Enzymatic reactions are commonly characterized by a high degree of stereospecificity. Thus, the enantiomeric distribution of the components of essential oils can provide useful information on their authenticity, quality, geographic origin and biogenesis. Therefore, we carried out enantioselective analyses to determine stereochemical information on the chiral constituents of the essential oil. Enantiomer resolution for α-pinene and limonene was achieved using the CycloSil-B column [7] . As shown in Table  2 , the proportion of the (-)-enantiomer of α-pinene was higher than that of the (+)-enantiomer in all periods. The proportion of (-)-α-pinene was greater (approximately 65%) in November 2005, April 2007 and December 2007, when the average temperature and total duration of sunshine were low. Conversely, the proportion of (+)-α-pinene was high when the average temperature, total duration of sunshine and total precipitation were high. The (+)-α-pinene result presented here is quite opposite to that previously reported for Alpinia zerumbet [8] The average temperature of the region (Okinawa Island, Japan) where A. zerumbet was grown in 2008 was 23.4°C, while the average temperature in the region where A. sachalinensis was grown in 2008 was 9.9°C (Shimokawa, Hokkaido, Japan). It is thought that these differences in growth conditions may have influenced the alteration in the proportion of the components. Enantiomeric analysis of the other compounds is currently in progress. These results are important findings for elucidating the action of essential oils.
concentrations (% content) were calculated by integrating their corresponding peak areas.
Climate information:
The climate data, total precipitation, average temperature, and total duration of sunshine for each one month period in Hokkaido, Japan, were obtained from the Japan Meteorological Agency (Tokyo, Japan).
Total precipitation is the total for one month. Average temperature is the average for one month at daytime and night time. Total duration of sunshine is the total for one month.
Statistical analysis:
Correlation of peak area of the main component with climatic conditions (total precipitation, average temperature, total duration of sunshine) was assessed using the nonparametric Spearman rank correlation assay (correlation coefficient: r). Statistical significance for all tests was recorded at p < 0.05.
